Provincial broiler-chicken marketing boards in Canada have recently implemented an on-farm food safety program called Safe, Safer, Safest. The purpose of this study was to measure broiler chicken producers' attitudes toward the program and food safety topics and use of highly recommended good production practices (GPP). Mailed and Web-based questionnaires were administered to all producers registered in British Columbia, Ontario, and Quebec in 2008. The response percentage was 33.2% (642 of 1,932). Nearly 70% of respondents rated the program as effective in producing safe chicken, and 49.1% rated the program requirements as easy to implement. Most respondents (92.9%) reported that they do not raise other poultry or keep birds as pets, and 79.8% reported that they clean and disinfect their barns between each flock cycle. Less than 50% of respondents reported that visitors wash their hands or change their clothes before entering barns, 38.4% reported that catching crews wear clean clothes and boots, and 35.8% reported that a crew other than from the hatchery places chicks. Respondents who rated the program requirements as effective or easy to implement were more likely to report the use of five of six highly recommended GPP. Only 21.1% of respondents indicated that Campylobacter can be transmitted from contaminated chicken meat to humans, and 26.6% believed that antimicrobial use in their industry is linked to antimicrobial resistance in humans. Continuing education of producers should focus on improving their awareness of these issues, while mandatory GPP should include those that are known to be effective in controlling Campylobacter and Salmonella in broiler chicken flocks.
Campylobacter and Salmonella are the leading causes of bacterial foodborne illness in Canada (33) . Broiler chickens can be colonized by these pathogens (2, 3, 36) , and the consumption of raw or undercooked contaminated chicken meat is a risk factor for salmonellosis and campylobacteriosis in humans (11, 17, 27) . Exclusive reliance on processing interventions and consumer education is unlikely to be effective in controlling the publichealth risks associated with the consumption of contaminated chicken meat. Therefore, good production practices (GPP) and hazard analysis and critical control point principles should be implemented at each stage of the farm-to-fork continuum (10) .
In Canada, the broiler chicken industry has developed an on-farm food safety (OFFS) program called Safe, Safer, Safest (7, 34) . The program outlines mandatory and highly recommended GPP to ensure the production of safe chicken meat (7) . To become certified under the program, producers must implement the mandatory GPP and pass an on-farm audit (8) . Subsequent audits are required every 3 years, with partial audits in the intervening years (8) . Currently, over 85% of farms in Canada have implemented the program, and 82% are certified (8) .
To implement the program effectively, producers must believe that it is useful, have the ability to implement the mandatory GPP, and be aware of the hazards that the program is designed to prevent or control. Although the use of GPP by broiler chicken producers has been measured in the United States, United Kingdom, and Australia (13, 25, 38) , these factors have not been investigated in Canada. Our objectives were to evaluate attitudes toward the Safe, Safer, Safest program and general food safety topics and use of selected highly recommended GPP among Canadian broiler chicken producers by using a mailed and Web-based questionnaire. We also assessed associations between a priori-identified predictors and the reported use of highly recommended GPP.
MATERIALS AND METHODS
Questionnaire design. All authors developed a 12-page questionnaire, and feedback was received from four external veterinary and industry experts from Ontario (ON) and Alberta. The questionnaire was pretested by two broiler chicken producers in British Columbia (BC) before implementation, and ambiguous or confusing questions were revised as needed. The questionnaire consisted of three broad sections: demographics; the Safe, Safer, Safest program and GPP; and general food safety topics. The demographics section included seven questions: years of experience as a producer, use of ''all-in all-out'' management, use of flock thinning (asked in ON and Quebec [QC] only), organic status, whether educational courses have been taken, and average flock size and cycles during the previous year. In the Safe, Safer, Safest program and GPP section, producers indicated their year of registration with the program, the ease or difficulty of implementing the program and nine mandatory GPP, reasons for identifying any GPP as difficult, whether they use six highly recommended GPP, reasons for not using any highly recommended GPP, and whether they believe the program is effective. The general food safety topics section included 11 questions about antimicrobial resistance (AMR) (n~4 questions), pathogen testing (n~2), interest in learning more about OFFS (n~1), water source and disinfection practices (n~2; asked in ON and QC only), pathogen control practices (n~1), and the transmission potential of four pathogens and hazards (n~1). The mandatory and highly recommended GPP included in the questionnaire were selected from the program manual as being most relevant according to the authors. Use of the term ''GPP'' in this article refers to mandatory or highly recommended practices in the Safe, Safer, Safest program (mostly biosecurity related), while ''pathogen control practices'' refers to other interventions (e.g., feed and water supplements or vaccination).
One author (A.L.) translated the questionnaire into French, and the translation was reviewed by an avian pathologist at the Faculty of Veterinary Medicine, University of Montreal. To investigate the equivalency of the French and English questionnaires, the French questionnaire was back-translated to English after its administration by a research assistant who was blinded to the original English version. Two authors (I.Y. and A.R.) then compared the two versions to identify whether any questions could have been interpreted differently. The response options for one question (water sources) differed slightly. In ON, the options were ''municipal,'' ''private well,'' and ''private surface'' water, compared with ''municipal,'' ''artesian well,'' and ''surface well'' water in QC. These values were recoded to ''private'' versus ''municipal'' to correct this discrepancy. The questionnaire is available upon request from the corresponding author.
Questionnaire administration. We administered the questionnaire to all producers registered with broiler chicken marketing boards in BC, ON, and QC in 2008 (n~1,932), representing ,75% of broiler chicken producers in Canada (9) . During April (BC) and July and August (ON/QC) of 2008, each producer was mailed documents in the prescribed format: (i) a notification letter; (ii) a questionnaire, cover letter, and prestamped, self-addressed return envelope; and (iii) a reminder letter. The documents were sent in 1-to 2-week intervals by the BC Chicken Marketing Board, Chicken Farmers of ON, and Les É leveurs de Volaille du QC. A Web-based version of the questionnaire was also available to producers in BC and ON (SurveyMonkey, http://www.surveymonkey.com). Producers in BC were sent two E-mail messages containing a link to the Web-based version, while a link was printed in the cover and reminder letters in ON. Questionnaires were administered in English in BC and ON and in French in QC. This study was approved by the University of Guelph Research Ethics Board (protocol no. 08JA036).
Data entry and analysis. All responses were entered into an electronic database (Access 2007, Microsoft Corporation, Redmond, WA), and entry was validated by manually comparing the original questionnaires and database records. The representativeness of the respondents was assessed by comparing their average farm production to provincial averages for 2007, using a one-sample t test. Differences with P values of ,0.05 were considered statistically significant.
Six logistic-regression models were built to evaluate associations between selected predictors and the reported use of each highly recommended GPP. The model outcomes were (i) whether visitors wash their hands before entering barns (yes~1/no~0); (ii) whether visitors change their clothes before entering barns (yes 1/no~0); (iii) whether producers do not raise other poultry species or keep birds as pets (yes~1/no~0); (iv) whether they clean and disinfect their barns after each flock cycle (yes~1/nõ 0); (v) whether catching crews wear clean boots and clothes (yes~1/no~0); and (vi) whether a crew other than from the hatchery places chicks (yes~1/no~0). For models 1 and 2, respondents who indicated that they do not allow visitors were excluded.
We evaluated the following variables (selected a priori) as predictors in each of the six models: province; use of all-in all-out management; organic status; flock size; years of experience as a broiler chicken producer; rating of the Safe, Safer, Safest program ease or difficulty (n~1 variable) and effectiveness (n~1); concern about AMR; knowledge of whether Salmonella (n~1) and Campylobacter (n~1) can be transmitted from chicken meat to humans; completion of at least one educational course in food safety, biosecurity, or poultry health management; and interest in learning more about the science of OFFS. A categorical variable was used for flock size, with categories based on the quartiles (#20,000; .20,000 to 30,000; .30,000 to 50,000; and .50,000 birds), because the linearity assumption was violated in each model. The ordinal predictors (n~2 variables) were collapsed to three categories (1 and 2, 3, and 4 and 5) because the outer categories consisted of few observations. Spearman correlations (ordinal predictors) and chi-square tests (nominal predictors) were used to investigate collinearity between each pair of predictors.
We used a manual backward-selection procedure to build each model. All predictors were screened using univariable logistic regression and were further evaluated in multivariable models if P was ,0.2 (Wald tests). We used likelihood ratio tests to evaluate the significance of predictors in multivariable models; variables were retained if P values were ,0.05. In the final models, all predictors that were independently associated with the outcome (at P , 0.2) or any predictors in the final model (at P , 0.05) were reevaluated for significance and assessed for potential confounding effects by examining for changes (.25%) in the coefficients of other predictors. Two-way interactions were investigated between all variables in the final models. Model fit was assessed with Pearson and deviance chi-square tests, with suitable fit indicated at P . 0.05. Pearson and deviance residuals were used to evaluate outliers, and delta-beta, delta chi-square, and delta-deviance residuals to evaluate influential observations. All analyses were performed in Stata 10 (Stata Corporation, College Station, TX).
RESULTS
Demographics and attitudes toward food safety. After removing two blank questionnaires, the final response percentage was 33.2% (642 of 1,932). In BC and ON, respectively, 21.6% (24 of 111) and 1.1% (4 of 363) of responses were completed via the Web-based questionnaire. The average flock size in the previous year among respondents was 37,837 (standard deviation [SD]J 28,131), and the average number of cycles per year was 7 (SD~8). The average number of chickens produced per farm in 2007 among respondents was 274,412 (SD5 52,863), which did not differ significantly from the national average for BC, ON, and QC (240,574, P0
.13). When stratified by province, the average farm production among respondents was significantly larger (P 0.03) than the provincial average only in ON (data not shown). Respondent demographics and attitudes toward food safety topics are shown in Table 1 . Respondent knowledge of whether four pathogens and hazards can be transmitted from contaminated chicken meat to humans is shown in Figure 1 . . Two-thirds of respondents (68.6%, 434 of 633) indicated that the program is effective or very effective in achieving a safer chicken product, while 11.0% (70 of 633) indicated that it is ineffective or very ineffective. Respondents' rating of the ease or difficulty of implementing nine mandatory GPP and their reasons for rating any practices as difficult are shown in Table 2 . Respondents' reported use of six highly recommended GPP and their reasons for not using any of these practices are shown in Table 3 . The reported use of six pathogen control practices is shown in Figure 2 . Logistic-regression results. The final logistic-regression models for all six outcomes are shown in Table 4 . Respondents that rated the Safe, Safer, Safest program as easy to implement or effective in achieving a safer chicken product were more likely to report the use of each highly recommended GPP, except not raising other poultry or keeping birds as pets (Table 4 ). An interaction indicated that the association between rating the program as easy to implement and ensuring that catching crews wear clean clothes and boots (odds ratio~8.25; 95% confidence interval~1.66, 41.01) was reduced among respondents who had also completed at least one educational course (odds ratio~5.52; 95% confidence interval~1.20, 25.34) ( Table 4) . Respondents with a larger flock size were more likely to report that visitors change their clothes before barn entry and were less likely to raise other poultry or keep birds as pets (Table 4 ). Provincial differences were also noted for each outcome except whether visitors change their clothes before barn entry (Table 4) .
DISCUSSION
Although most respondents (82.4%) knew that Salmonella can be transmitted through contaminated chicken meat to humans, only 21% were aware that Campylobacter can be transmitted via this route, indicating a lack of familiarity with this pathogen. Similar results were reported among swine producers that were surveyed in the United States and Canada (4, 28) , and this could be a result of lower media attention toward this pathogen. In contrast, nearly 70% of respondents indicated that Escherichia coli could be transmitted via contaminated chicken meat to humans, even though there is much less evidence that chickens are a source of pathogenic E. coli strains (16) . Targeted knowledge translation efforts are needed to improve producer awareness of zoonotic pathogens in poultry, particularly Campylobacter.
While most respondents (.50%) indicated that they are concerned about AMR in their industry, only 26.6% were of the opinion that AMR in humans is linked to antimicrobial use in the broiler chicken industry. In 2005 and 2006, the Canadian Integrated Program for Antimicrobial Resistance Surveillance found that the levels of ceftiofur resistance in Salmonella and E. coli isolates recovered from retail chicken and humans decreased in QC following a voluntary ban on the use of ceftiofur by QC hatcheries (32) . These data suggest that there is a link between antimicrobial use in the poultry industry and AMR in humans. Continuing education with producers about prudent antimicrobial use, AMR, and its potential impacts on human health is warranted.
Most respondents (68.4%) indicated that broiler chicken flocks in Canada should be tested for zoonotic pathogens. Currently, zoonotic-pathogen monitoring is not part of the Safe, Safer, Safest program, although laboratory testing for enteric pathogens (e.g., Salmonella) is conducted on carcasses from federal abattoirs (34) . In the European Union, surveillance for Salmonella, Campylobacter, and other zoonoses in broiler chickens is mandatory for all member countries (15) . Given that Salmonella and Campylobacter are the leading causes of bacterial foodborne illness in Canada (33), we recommend that Canada consider implementing a national surveillance program for these pathogens throughout the broiler chicken production system.
Most respondents (.60%) indicated that the Safe, Safer, Safest mandatory GPP were easy or very easy to implement (Table 2) . However, some barriers were also noted. For example, ''time constraints'' was identified as the primary barrier for five of nine mandatory GPP. Simplifying the record-keeping process could be one way to help producers overcome this barrier (e.g., by minimizing duplication and ensuring that record templates are user friendly). The Chicken Farmers of Canada and provincial marketing boards should work closely with producers to address these concerns. In addition, we recommend that the current auditing requirements (every 3 years) be reviewed to ensure that they are effective in monitoring compliance with the mandatory GPP. Roughly 10% of respondents in ON and QC reported that they send some of their birds to slaughter at an earlier age (i.e., flock thinning). This practice should be discouraged when feasible, because it has been identified as a risk factor for Campylobacter colonization on broiler chicken farms in Denmark (21, 22) . Similarly, producers should be encouraged to practice all-in all-out management, which reduces the risk of Salmonella colonization in broiler chickens (30) . Disinfection of private water sources should be improved, because several studies in Europe have shown that water disinfection or use of municipal water sources protects against Campylobacter colonization in broiler chicken flocks (14, 18, 20, 26) .
Nearly 50% of respondents reported that visitors must change their clothes before barn entry, similar to what was reported in the United States (54.7%) (38) . In contrast, only one-third of respondents reported that visitors wash their hands before barn entry, which is lower than in the United States (48.8%) (38) . These practices have been shown to reduce the risk of Salmonella and Campylobacter colonization in broiler chicken populations in Belgium, Denmark, and The Netherlands (19, 30, 39) . Producers should be educated about the importance of these practices, because they were primarily rated as not necessary or too timeconsuming. The association between a larger flock size and reporting that visitors change their clothes before entering barns is perhaps reflective of additional resources on these farms but might indicate that larger farms require additional biosecurity measures to prevent flock infections. Respondents in BC were more likely than those in ON to report visitor hand washing before barn entry, possibly due to enhanced biosecurity that has resulted from an outbreak of highly pathogenic avian influenza (H7N3) in BC in 2004 (5) .
Over 20% of respondents reported that they do not clean and disinfect their barns after each flock cycle, and the (24) a Producers only answered this question if they reported not using the practice. The options ''too time-consuming,'' ''too expensive,'' and ''lack of personnel'' were provided as check-boxes; all other responses were created from open-ended answers. Only reasons with a frequency of $10 are shown here in the interest of space. Multiple selections were allowed. b Eighty-three respondents indicated that they do not allow visitors and were excluded from these two questions. (18, 24, 35, 40) . Currently, it is mandatory for producers to clean their barns at least partially (i.e., remove manure and organic material) after each flock cycle, while a complete washing and disinfection of barns is required once per year (7). Additional research is necessary to determine whether the current guidelines are adequate for pathogen control, or whether more frequent washing and disinfection (e.g., after each flock cycle) should be required. Over 90% of respondents reported that they do not raise other poultry or keep birds as pets, similar to results of previous surveys in the United States and Australia (13, 38) . Enhanced control measures to prevent pathogen introduction and spread are necessary for producers that raise multiple poultry species, because this practice is associated with a higher risk of flock colonization with Campylobacter (6, 39) . Conversely, respondents who indicated that they do not raise other poultry or keep birds were more likely to have a larger flock size, which is also a risk factor for Campylobacter colonization (3). The risks of raising multiple poultry species should be communicated with producers in BC, who were more likely than those from ON to report using this practice.
The low frequency of use of clean clothes and boots by catching crews (reported by 38.4% of respondents) should be improved, because catching crews have been shown to spread Campylobacter between farms during flock thinning in the United Kingdom (1). Many respondents indicated a lack of control over whether catching crews choose to wear protective clothing and boots, indicating a need for improved collaboration between catching crews and producers. The issue of whether producers, processors, or catching crews should cover these costs also needs to be considered. The association between rating the program as easy to implement and ensuring that catching crews wear clean clothes and boots was lower among those who had also completed an educational course, although substantial variability was observed for these estimates. We recommend that the impact of educational courses on broiler chicken producers' attitudes and their use of GPP be further investigated.
Roughly one-third (35.8%) of respondents reported that a crew other than the hatchery places chicks. The use of this practice should be improved, because the entrance of chick placement crews into the bird area was a risk factor for Campylobacter infection in Norwegian broiler flocks (26) .
The most frequently reported reason for not using this practice was a lack of personnel. If producers do not have adequate staff to place chicks themselves, they should ensure that the crews are properly equipped with clean clothes and boots to prevent the introduction of zoonotic pathogens. The risks of introducing infectious agents into the barn by hatchery crews should be communicated with producers in ON and BC, who were 25 and 40 times less likely to report using this practice than in QC, respectively.
Respondents' use of five of six highly recommended GPP was related to their attitudes toward the ease of implementation and effectiveness of the Safe, Safer, Safest program (Table 4 ). This result indicates that if producers can overcome barriers (e.g., time and resource constraints) toward implementing the mandatory GPP, and if they are shown evidence that the GPP are effective for pathogen control, then they might be more likely to use highly recommended GPP. However, this result might also indicate that producers who already implemented the highly recommended GPP were subsequently more likely to find it easy to implement the mandatory program requirements and consider the program effective.
The use of organic acids and competitive exclusion cultures as dietary supplements for pathogen control was rarely or never reported by 60.7 and 75.3% of respondents, respectively, indicating that these practices are not widely used on broiler chicken farms in Canada. Similar findings were identified in a United Kingdom survey (25) . Dietary competitive exclusion cultures are generally considered effective in preventing Salmonella (and perhaps Campylobacter) colonization in broiler chickens, but this effectiveness likely depends on several factors, including dose, age of chick at application, and whether defined or undefined cultures are used (12, 29) . In addition, currently there are no competitive exclusion products registered for use in broiler chickens in Canada (23), so these products cannot be recommended until they become commercially available. Other feed and water supplements (e.g., organic acids) and vaccines might also provide some protection against Salmonella (12), but more evidence on their effectiveness is needed before these practices should be recommended for widespread use in Canada.
The response percentage in this study (33%) is comparable to a similar postal survey of broiler chicken producers in the United States (38%) (37), but lower than in a United Kingdom study (69.6%) (25) . However, in the latter study, the questionnaire was only sent to farms integrated within large poultry companies, rather than independent producers as in our study, which might a OR, odds ratio; SE, standard error; CI, confidence interval. r partially explain this difference. The average farm production among respondents in ON was significantly larger than the provincial average (P~0.03), indicating that producers with larger farms might have been more likely to respond in this province. However, no such differences were observed for BC and QC, and our results were fairly comparable to those of other surveys (13, 25, 38) . Nevertheless, we cannot rule out the possibility of response bias, which should be considered when interpreting our results. We tried to maximize the response percentage by sending notification and reminder letters, using hand-stamped return envelopes, and offering a Web-based alternative method of responding; however, additional techniques (such as monetary incentives) could not be implemented due to limited financial resources. The response percentage in BC (where E-mail links were sent) was the same as in ON and QC, indicating that the availability of a Web-based questionnaire was not effective in improving the number of responders.
A potential limitation of this study is that producers could have misreported their use of highly recommended GPP. For example, in a previous questionnaire validation study of broiler chicken producers in ON, Canada, Nespeca et al. (31) found that producers overreported their use of certain biosecurity practices (e.g., visitor precautions) and underreported their use of other practices (e.g., presence of farm gates or other barriers to entry). Misclassification bias can also result from confusing question wording and an absence of clear definitions for technical terms (31) . We attempted to minimize the possibility of these biases by ensuring anonymity of responses, using terminology that producers would understand, and pretesting the questionnaire before use. Our questionnaire was administered in both French (QC) and English (BC and ON), which could have resulted in differences in interpretation between these regions if the translation did not accurately capture the intended meaning of each question. However, we believe that biases due to translation are unlikely, because the questionnaire back-translation revealed only one discrepancy that was corrected before data analysis and interpretation.
This study established baseline prevalence estimates for Canadian broiler chicken producer attitudes toward the Safe, Safer, Safest program, use of highly recommended GPP, knowledge of pathogens, and attitudes toward other food safety issues such as AMR. Our results can be used by industry stakeholders to prioritize areas for continuing education of producers. We recommend that similar surveys be conducted every 3 to 5 years to determine changes in attitudes, knowledge, and use of GPP over time and to assess the effectiveness of future continuing-education initiatives.
